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THE MOST IMPORTANT AERIAL DEVELOPMENT 
OF THE WAR 

Officially, it has surpassed the performance of every 
competitor. 

The forerunner of the wonderful 

AERIAL FREIGHTER and 

TWELVE PASSENGER AIRPLANE 

The skill and ability of the HOUSE OF MARTIN con- 
tinue to maintain Supremacy of Performance and Depend- 
ability which they have held since 1909. 



THE GLENN L. MARTIN COMPANY 

CLEVELAND 


CenCreclore to thm United Statmm Coeerrmtenl 
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The builders of Hartzell Walnut 
Propellers have dealt exclusively in 
walnut for the past fifteen years. 
Our mills are located in the heart of 
the choicest walnut forests in the 
country. 

In keeping with the quality of our 
raw material, we maintain an Engi- 
neering Department, the personnel 
of which is expert in the designing 
of airplane propellers. 

We stand ready at all times to aid 
manufacturers in the design and 
construction of efficient propellers. 


fl.4RTZELL WALNUT PROPELLER COMPANY 


PIQUA. OHIO 



In Addilion to Military and Sporting Requiremente 

The Aeromarine Plane & Motor Company 

Will Specialize in the Development and Production 
of 

Commercial Airplanes and Motors 
for 

The Transportation of Passengers and Freight 
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ROLLS-ROYCE 


THE FUTURE OF FLYING 
DEPENDS ON RELIABILITY 

The first and only direct 

Atlantic Flight 

1 680 Miles at \ \1 Vi Miles an Hour 

Vickers- Vimy with two Rolls-Royce Engines 

Every British Manufacturer Who E.ntered an Aeroplane 
in the Trans-Atlantic Flight Selected Rolls-Royce Engines 

ROLLS-ROYCE aero engines like ROLLS-ROYCE cars 
T^H E BEST IN THE WORLD 

ROLLS-ROYCE 


15 BROAD STREET. NEW YORK 
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Perfect Materials 

fit to endure the strain which an airplane propeller must undergo 
arc chosen for their exacting purpose from large stocks of fine 
mahogany and walnut kept by the Unit Construction Company to 
supply the demand for its fine wood work. In all 

Unico Aircraft Products 

the same standard of quality in materials is insisted upon. Unico 
propellers, flying boat hulls, wings, fusellages, or complete airplanes 
are dependable to the utmost, because the raw materials are right. 
You are invited to correspond with us on your needs. Our engineer- 
ing department is at your service. 


UNICO 



SYSTEM 


UNIT CONSTRUCTION COMPANY 

Rayburn Clark- Smith. President 

boston ; as Essex Stress 

SAN FRANCISCDi Helbroek Bulldinx 
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You drive the screw holes with • hstmmer m an^ 
materiaL 

The soew holes are made for wood screws or 
machine screws to fit all sizes of screws. He head 
is removed sind you leave a permanent screw hole. 


Stine Screw Holes Co. 


The 




The Biggest 

Hale, Always 


Little Thing 

a Screw Hole 

DcraRTMCMT '. 

in the World 


Some of the Reasons Why Screw Holes Will Be Bought and Used and Not Become 
E>ead Stock for Anyone 


1— They can be used without dsmsKe to receivinc 

s— They enable you to standardize to wood or ma. 
chine screws in all raateriaL 

3--They are rade o( under 

4_EC0N0MY— They save more time value than the 
bolee cost. 

S — You get them for nothing and are paid for u«ng 
them when you count t.me saved. 

7 — Special tools are NOT needed in using them in any 

S— They can be used In any plac*^ a acrew can be used. 

P^By uaing acrew holes, screws can be used in many 
places, and in many materials where it is impoc- 

10- These are the only ready-made screw holes in the 
world. 

11— No special^rews are needed. These screw boln 

ta — They make the neatest possible job in any material. 

13— Every store where screws are aold most carry 
them in stock, because the line of scresrs is not 
complete without screw holes for them. 

14— Every shop and factory where screws are used 
must also nave these screw holes to fit the screws, 

ts~They are endorsed by all dealers in screws and by 



Each of these rcason.s are enouRh to sell Screw Holes. There are many other reasons. 


Write at once for our handsome Color Card showing screw holes in various materials which will be 
sent on request, together with samples and price list. 


Less Weight- 
More Mail 


The use of the airplane in commerct; 
has g^iven a new value to savings of 
pounds and ounces in its construction 
— a value that is calculated in terms 
of dollars and cents profit. 


ton?” 


Thus the big weight-economies ef- 
fected in the Libe^|Cy engine by the use 
of 59 Lynite parts play an important 
part in the notable success of the 
U. S. postal air service. 

Through its saving of from 350 to 
400 pounds, Lynite permits more mail 
to be transported on each trip, makes 
possible greater speed and has other 
advantages. 

Moreover, the greater heat conductivity 
of Lynite is an important factor, especially iu 
the pistons, enabling the engine to perform 
better and travel farther without requiring 
overhauling. 
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Experienced Insurance Brokers 

are the best qualified to give advice and assistance, especially to aviators as to the form of policv 
and the kind of insurance which they need to be certain of proper protection. 


COMPLETE PROTECTION 



LOWEST RATES 




ced and well established broker, 
jdacing the insurance you re- 


FRED S. JAMES & COMPANY 

123 WILLIAM STREET NEW YORK 


• TIOl 


115 



AVIATION 


SEPTEMBER I. 1919 1 VV |/~V 1 1 V / 1 V VOL. VII. NO. 3 

AND 

AERONAUTICAL ENGINEERING 

INDEX TO CONTENTS 
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Aeroplane crankshafts 

WYMAN-GORDON COMPANY 

“The Crankshaft Makers” 

Worcester, Mass. Cleveland, Ohio 


116 


VIATION 


September 1, 1919 




The DOUBLE 

H ER^ at last, is a bearing for 
resisting thrust stresses as well 
as radial loads, which is 
entirely free from destructive or de- 
terrent effects in either theory or 
praedee. 

We have shown how other types 
of bearings develop tendencies which 
interfere with the primary funedon 
of reducing friction between mov- 
ing parts. 


ROW Type. 

Due to the angular contact of ball 
with race, this bearing takes radial 
loads and thrusts in any combinarion, 
and yet the balls always roll freely 
and in their natural paths. This is 
because the pressure is always “end- 
on,” perpendicular to the axis of 
rotadon. 

No wedging, no binding, no cramping. 

THE NEW DEPARTURE MEG. CO., 

BriMol, Cooa. 464 Dcttolc. Uicb. 
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T he iDtcrnatioiial Airplane Race and Handicap 
Contest orgBiiized by the American Plying 
Club, which ended just when Avlvtiok aso 
Aeronautical. Engineering was going to press, aftortl- 
ctl the American public the most inspiring aeronautical 
denionstratiou ever given. The number of eoutestants 
and the types of airplanes entered made of this race the 
most important event of its kind to date ; hut beside 
this purely spectacular clemeut an important innovation 
was furnished by the handicap formula which consti- 
tutes the first attempt to find a acientitic expresaioti for 
comparing the efficieitcy of airplanes belonging to a 
wide variety of types. 

Owing to the fact that ofSeial figures ou the outcome 
of the race arc not available at the time of going to 
press discussion of its technical aspects has to ho 
reserved : nevertheless the outstanding fact is that out 
of fifty-three actual starters, thirty-two, that is, over 60 
per cent, finishe<l the race within the set time limit. 
Of those eliminated by accidents four machines were 
totally crashed, but the remaining sliips suffered only 
minor injuries which do not impair their future serv- 
iceability and — what is perhaps the most valuable lesson 
of the whole contest— only three aii-plancs were elimin- 
ated by engine trouble. This is truly a remarkable per- 
centage if one considers that the race was run under most 
harrowing weather conditions and that the control sta- 
tions were in many ea.ses unfavorably situated with 
regard to the prevailing winds and of restricted area. 

The New York-Toronto race was in particular a 
brilliant vindicatiou of the Liberty engine, which pro- 
pelled most of the big ships, although other engines 
showed up equally well, so that, alti^ether it may be 
said that American airplane engines have reached a 
point of perfection whore they are second to none. 

Likewise, the competing airplanes, virtually all of 
American design and manufacture, put up perform- 
ances which justify the greatest pride and performance 
in the ability of our engineers and constructors. 

The American Flying Clnh, as the organizer, and the 
Air Service, whose cooperation assured the success of 
the race, deserve the most sincere congratulations of 
the aircraft industry for having given such a magni- 
ficent object lesson of the potentiality of ariation. 

Gyroscopic Effects of the Propeller 
A good deal of controversy has been carried on 
with regard to the gyroscopic effects of the pro- 
peller. The gyroscopic forces have a bearing not 
only on the controllability of the plane, hut also on 
propeller stresses, and on propeller bearing stresses, 


Some designers have used as their criterion extraordi- 
narily rapid turns, and imposed excessive gyroscopic 
forces on their designs. Others have been inclined to 
neglect all consiileratiou of these effects. 

A simple method of considering the problem, which 
would ncveitheless coordinate it with the general slruc- 
tnral strength of the airplane, is to consider tite air- 
plane at the moment when it is flattening out from a 
dive, at which time the dynamic forces are a maxiuium. 
Assuming the velocity to be known at such u point — 
and it will be very little below the limiting speisl of the 
airplane — a simple dyiuimical equation will give the 
rate of turn. And this rate of turn will furnish a very 
sound basis for computing the gyroscopic effects. 

Inversion of Control Surfaces 

In a recently published text-l)ook of elementary uero- 

nautica, there occur the following lines: “ In ease of a 
very steep or vertical bank, the functions of rudder and 
olcvatorH arc completely reversed ; the rudder, being then 
in a horizontal position, will be used to bring the nose 
of the machine up or down ; the elevators being vertical 
serve to make the machine turn round. In connection 
with steep banks, the terms used for the rudder are : 
top i-udder and bottom rudder, irrespective of the fact 
that in either case it may be right or left rudder. For 
instance, if the machine is hanked so that the right wing 
is down, then bottom rudder, in this case, woulil be 
equivalent to right rudder; but if the case is reversed, 
that is, if the machine is banked with the left way down, 
then bottom rudder would mean left mdder. ' ’ 

Now this is a perfectly correct statement of the case, 
and, what is more, the terminology is very widely ac- 
cepted. Everywhere we read of reversed action, or of 
inversion of control surfaces. 

And yet in reality there never is reversed action, and 
the terminology is unnecessarily confusing. 

The difficulty arises from the fact that the earth and 
the vertical are conaidered as points of reference for the 
motion of the airplane, instead of the much more lcs;ical 
system of three a.xes at right angles to e»ch other, 
passing through the center of gravity and ripdly rixed 
to the plane. 

With such axes held in mind, the elevator on a steep 
or vertical bank ia atill performing its normal function 
of pitching the plane up and down about the athwart- 
ship axis; the rudder is still performing its normal 
function of turning the plane to left or right about an 
axis in the plane perpendicular to the-athwartahip and 
longitundinal axes. Consequently there is no need for 
inversion of terminology. 


Airplane Engine Vibration 

By Glenn D. Angle 


One of Ihe esaCDlial fraturea of an airplane eufrine ia smooth- 
D«ee of running. Thie is obvionsly true of any type of internal 
combustion engine; bot the decree of unevenness alfowable, in 
every case, depends mainly upon the rigidity and abeorbing 
qualities of tbe engine mounting. Excessive engine vibration 
will produre unpleasant tremors throughout tbe entire stme- 
ture of tbe lightly constructed airplane fuselage, and tbe effects 
therefrom may prove to be of a critical nature. The tendencies 
arc to loosen joints and fittings and to crystallize metal parts, 
therefore an anal}-ns for Che puri>cee of redueiog, if not alto- 
gether eJiminating. vibration, will not be amiss. Since the 
engine is the pnneiple offender, Ihe engine designer is con- 
fronted with problems which should receive his strictest at- 

Before taking up the design problems involved, however, it 
wHl be w*ell to consider tbo sources of vibration which aro be- 
yond the desiguers' control. Any deviation from normal func- 
tioning will introduce engine vibration in amounts which will, 
in a measure, correspond to the degree of this deviation. These 
vibrations arc due Co Che ao-cal1e<l troubles which should be 
corrected by the mechanic or " trouble shooter ” in the process 


Preignition > 


the 


y marked. It n 




an early spark. local beating or high gas 

woric best at liigh ".a„a will Undoubtedly preigniCe if al- 
lowed to run with wide-open throttle on the ground; and it 
follows, if oomparisoiu of various engines are to be made 
from tests as to their smoothnese of running, that these tests 
should be conducted under atmospheric conditions encountered 

I’nequnl loives ol explosion in the cylinders produce torque 
variations ol une<|usl magnitude, and consequently add to the 
vibrations already existing from that source. The explosive 
forces are not equal when (be gas reaebit^ eaeb cylinder varies 
in mixture alreiiglh. If an engine has a eorrectly designed 
tiianifotd giving an crpial charge to each cylinder, variationa of 
this iinlure arc clue to air leaks in tbe manifold, at tbe manifold 
flange or Uiroiigh a vah'e whose spring is weak, probably due 
to having its temper drawn by tbe extreme heat. Upon reach- 
ing the cylinilcrs, the gas must be inflamed by si>arics of equal 
intensity following the full retention of the cliarge during the 
prm-ess of eonipreianiig it Loss of compression by leaks past 
Ihe piston rings jh a commou source of Iruubte. Ttiia can very 

round or broken. 

The variatimi of torque may be effected by changes in the 
iutervaJ of explosion as well as by its magnitude. Jf the sparks 
do not occur siiuiiltaueously, the (lame is not propagated at 
the same perioct hi each cylinder, and hence the explosion does 
not take placi. at the correct interval. This is due to uneven 
dislanees between the cams on tbe magneto breaker. 

The fluttering of a propeller which is out of balance or too 
lightly conslnirled is transmitted through the crankshaft to 
the crankcase and engine beda. If tbe engine bed bolts are 
loose, Ihe engine tends to lift ttaelf and return to the bed at 
each revolution of the crankshaft. This hammering effect may 
reach quits appreciable magnitudes. 

All apparent vibrations, not due to some of the tronblea 
referred to above, are undoubtedly inherent with tlie particular 
type of engine under inveKtigation. Since no practical device 
is yet known with which to accurately measure and recortl tbe 
amplitude of engine vibration, our only recourse ia to treat 
each source bv mathemstrra] analvaes and compare the reenlts. 
Even though it were poeaibir to measure these amplitudes, it 
would stfll be nscessa^ to detertninc, by analytical means, 
whieh of tbe four principle sources hsd accrued these vibratory 
proportions. In deaijgn, each source must be treated separately 
and the results obtained to form a eomparative basis of the 
vibratory tendencies existing in different types of engineB and 
Urns enable the designer to supply the neceMry rigidity to 
those components which most withstand the greatest AoiA. 

Vibration may be due to tbe springrug and distortion of the 
material of which the engine is composed or to tbe unbalanced 


forces resulting from tbe motion and position of tbe com- 
ponents in rcspcA to one another. A eertaiu degree of yield- 
ing vibration exists in each eomponent; bot this does not be- 
come a disturbing factor tmleae its period is in step with 
mnltiplsa of other vibration periods, principally those due to 
power impulses, This b particulsriy tme of tbe crankshaft 
and crankcase, which must withstand the reactions of engine 

forces setting up vibration iu the engine may be due 
to oobalsneed routing messes, unbalanced inertia of reeipro- 
eating parts or to torque reactmn. It b difficult to estimate 
aconrately the de g ree of vibration caused by the eentrifugal 
foroes or couples of unbalanced rotating masses, as thb de- 
pends mainly upon the rigidity of that part of the case resist- 
ing these force*. Since rouH' balance and crankshaft tor- 
sional vibration are general subjects and have been quite 
extensiTely covered in various engineering books, no special 
treatment b required in regard to any type of airplane engine 
as the principles involved arc identical. 

Attempts on the part of designers to deveIo|i engines more 
suitable for the propulsion of aircraft have led to various 
cylinder di^oaitions and generally to an increaae in tbe num- 
ber of eylindeiB employe. Unbalanced inertia and torque 
reactions are greatly effected by these changes; and, since our 
data ordinarily only applies to conventional engine types, it 


The vibratory aetion of an airplane engine, in many in- 
stances, b due to the effects of unbalanced inertb. The selee- 
trnn of oylinder and crank arrangement should be made with 
a view of obuining inertia balance whenever possible without 
eeriously effecting many other equally important and essential 
features of the airplane engine. In a number of cases, how- 
ever, it will be found that the reciprocating parts can be 
partially, or even completely, balanced without the least 
sacrifiee to the features deaired. 

Owing to the accelerating and decelerating motion of the 
pbton and the parts which move with it (inefuding tbe upper 
portion of the connecting rod) there must exiat forces to 
<-ounteraet their inertia. Enetgy is sbenrbed during tbe first 
part of the reciprocating motion and b given up during the 
latter part of the stroke ; hence there b no reeulting work from 
inertia, hut tbe vibratory effects at certain parts of the cycle 
become quite pronounced. 

Before taking op the comparisons of these effects in various 
engine types let us eonwder tbe inertia forces in one cylinder. 
Due to the Axe<l path of the pbton along the cylinder axis, 
the motion b not harmonic and can only be completely ex- 

C ised by an infinite number of terms of a Ponrier series. 

values of these terms diverge so rapidly, however, that 
only the first two need be used to obtain results within all 
prsctieal limi' - • - .... _ . . . 

usually expro 

F, — (eOB-(- teoa28) approximately 

P, — Inertia force in lb. 

H' — Weight of rrciprocatii^ parts in Ib. 

V zx Velocity of crank pin in feet per sec. 
g — Gravity — 32.2 
R • Crank radios in ft. 
r — . Crank radius to in. 

I — Length of connecting rod in in. 

0 B Crank angle in d^reea. 

In order to obt^ high engine speeds without 
life of the bearings it is very essential that th< 
be kept as low as possible, ft can be readily se< 
fomuls that tiieae forces vary directly as the weight of tbe 
reciprocating parts and as tbe square of the erankpin velocity. 
The weight of tbe reciprocating parts must eonseqnently be re- 
duced to the minimnm allowable in order to attain the higbeat 
engine speeds. Some of tbe present aluminum piston construc- 


mertia forces 


119 




120 


AVIATION 


Sepinabc 


1919 



» uf iryUnilcn. vru nut altenxl. Tliia en 
lis niuntrv and known an the Kin^-Hug 

in whiVh'to'mc 

Elfhl'CyU^rr IVe-Tr/w A'naian 
Tbr ei|^l-cylin<ler Vw tyii« engine is virtually twu f 
vylintirr in^lioe engines operating on a single eraukshaft. 
angle at whieh these two banks of eyiindeia are plaretl on 
erankease in respeet to one another ia influence by oei 
• in design. Low bead rest 


therefore nothing ia to be gained by reducing beyond a 60 deg. 
angle unless it ts possible to retiuce the heat resislanre per- 
eeptibly as s result of the narrower engine. 

Sixi^en-CyHnA^ V-Type 

The best-known sixteen-cylinder ‘•V’’ type en^ne is the 
Model H Duesenberg, having two banks of ei^t eylinders with 
45 deg. as the included an^e. The Jength of this engine ap- 
proaches prohibitive dimensions for use in an airplane, but 
should be in favor for dirigibles. Sinee each bank of eight 


rable, therefor 


the 




s them 






dispensed v 


explosion is advantt^cruus, hut 
3 without detriinental effects if the gain 

^ The most ronimon, or we may say conventional, angle of Vee 

even interv^ of explosion: that is. explosions every 00 deg. 
of muik movement. It also leaves anffleient room lietween the 
cylinder banks in wliich to mount earburelers and inanifoUls 
quite easily. The t'arliss OX Hispano-Kuisa enginra 


As < 


irb bank of four cylinders has 
it is interesting to note the i 
" suiting unbalanced f< 


respective unbalanced 
ets on the magnitude 
from changes 


in the angle of the Tee. A polar diagram made by resuh 
graphical iwpreaenlations of the forces along eaeh rvlii 

axis, at certain craak intervale, trill best ahow tlieae effects. 

Consider Amt the cooventional 00 deg. Vee engine. 


rnitudes. The vibral 


cylinder engine of approximately the same overall length as 
would one having four or eight cylinders. This is advan- 
tageous from the plane design Atandpoint, and the weight per 
horsepower should undoubtedly be less than a number of other 
twelve cylinder Q'pes; but there are serioua objections to this 
srrangemeni, namely, added bead resistance and poor inertia 
balance. On Fig. 4 are shown unbalanced inertia polar dia- 
grams for some of these types in direct comparison with that 
- O" — ii .a of the sat 




0 deg. Tea eight-cylinder 

Arrwging the banks of font cylinders 60 deg. apart in eaeh 
Vee gives even intervals of expIosioD and presents a fairly 
compact design. An Rnglish engine, the Napier " Lion,” and 
a French engine, the Lorraine-Dietrieh, are of this type. By 
referring to the diagram it will be rea^^ seen, from EAC 

inertia forces are in the horisontal than in the dO deg. 

Vee eight and in the vertical approximately those of a 76 deg. 
Vee eight. This type of engine undoubtedly has exeeeeive 
vibratory teadencies due to its poor inertia balance. 

An experimeDtal Freoeb engine, tbe Adabel, ia virtually a 
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conventional 90 d^. Vee eight with an additional bank of fonr 
cylinders extending vertically downward. FBD on tbe dia- 
gram signifies that, while the borixontal component is equal to 
the 90 deg. Vee eight, there has been mtroduced a vertical 
component of greater magnitude than that of a 60 d^. Vee 
eight. This is actually the vertical unbalanced component of 
the lower four cylinders, therefore we have in this arrangament 
the combined unbalanced inertia of two well-known engines. 

Suppose the three banks of tour cylinders were evenly 
spaeed, that ia, 120 deg. apart. Reversing the direction of one 
four-cylinder unbalanced component from the first arrange- 
ment described by elianging the position of one set of cylinders 
from A to D produces a vertical unbalanced component as 
great as the horizontal. Tbe polar diagram, shown as BCD, 
IS a circle. It is evident that the inertia forces cannot be 
balanced in twelve cylinder engines composed of three rows of 
four and unbalanced eomponenis are introduced in excess of 
corresponding eight cylinder Vee types. 

Three^rlinder Enginat 

One of tbe earlier airplane ennnes constructed by Anzani 
bad three cylinders arranged fan uiape with 72 deg. as included 
augles. Fear of over lubrication in the lower cvUndecs was 
probably tbe reason for this peculiar disposition.' The engine 
only developed about 25 hp. and was poorly balanced for 
inertia Our hiterest is mainly hialorio as it propelled tbe first 
heavier than air craft to fly cross tbe English Channel. 
Later Anzani built Y types in which the cylinders were locateil 
120 d^. apart. The inertia balance of this type will be found 
under the treatment of radial engines. 

Three cylinders, arranged in line and employing three crank- 
pine 130 d^. apart, are in perfect inertia balance, but owing 
to their respective lines of action being separate, there is 
introduced a rocking couple, This can only be eliminated by 
an additional three cylinders in line providing the crank ar- 
rangement is symmetrical. 

Siz.Or(incr«r Enginae 

It is quite generally known that there are no resultant un- 
balanced inertia forces in tbe conventional six cylinder er^ne, 
but in order to make this point clear Fig, 5 is given. Three 
curves, each one representing the inertia forces in (be eylinders 
whose pistons are in phase, ^e plotted 120 deg. apart. The 



Since any row of six cylinders is in perfect inertia balance, 
it (iillawB (bat all engines whieh are multiples of six, regardless 
of tfaeix arrangement, are also in p^eet inertia balance. This 
applies particularly to twelve cylinder engines, such as the 
Curtiss Model-K, Rolls-Royce, Liberty-Twelve, and many 
others. Eighteen cylinder W-types, composed of three rows of 
six, are not common, but should W in favor for units of higher 
pow^output. A Sunbeam engine is probsbly the best known 

Roifid Enginn 

Tbe radial engine type, having a fixed star shaped arrange- 
ment of cylinders and a revolving crankshaft, presents an 
interesting problem of inertia baJanee. The diagrams repre- 


arranged radially. Tbe inertia force values for all cylindera 
were obtained by use of the formnla at the proper crank an|je, 
laid off along each cylinder axis in respect to msgnicude -ind 
direction and rcsolveil. 



Ekqixgs 


It is interesting to note that in oil but one case, tbe resultant 
diagram is practicalty a circle. At any instant the resultant un- 
balanced inertia is in the direction of tbe crankpin from the 
crankshaft axis, therefore it travels about center at ciank 
speed having the same direction as tbe inertia force of any 

piscon'poaition. Since t^c resultant force for the various odd 
numbers of radial engine cylinders ia practically constant dur- 
ing one rcvolntion, a direct comparison may be made with the 
Inertia force of one cylinder with which it correspond! in 
direction. This will be taken at in center position, that is, 
when the piston is at the top of its stroke and farthest away 
from tbe crank axis. The radius of the dotted circle at the 
center ia a measure of the magnitude of tbe inertia force of 
one cylinder at 0 crank angle. 

The resultant primary and secondary inertia fon^ea are some- 
times considered iodividnally. In all strictness it h the 
resultant of the primary inertia forces which travels at crank 
Sliced and at any instant is in the dir^tiou of tbe inertia force 
of one cylinder whose piston is at in center position. Some 
designers only attempt to balance the resnltant of the primary 
forccs, neglecting the secondary as these are generally con- 
sidered as being of little importsnee. The secondary resultant 
ioeidently travels ^lout center, but at twice crank speed. 

The cylinders in one plane and evenly located about a single 
crank pin must be odd in number in order to obtain equal 
intervals of firing. The diagram represents the disposition of 
cylinders which number three to eleven inclusive, the latter 
being the greatest number it has been found possible to mount 
on a crankcase without prodneing prohibitive overall diamoteis 
from the standpoint of head resistance to the airplaaa.. It ia 
sometimes better to employ two groups of odd numbers of 
cylinders located in two planes and operating about a two- 
throw crankshaft, which has crank pins 180 deg. apart. The 
inertia balance of this type follows the treatment for the single 
plane of eylinders. 

As previously stated, a direct comparison can be madi be- 
tween the resnltant unbalanced inertia of any odd number of 
cylinders in one plane and tbe inertia force of oue cylindm* at 
in center pomtion, The diagram shows this clearly and may be 

referenra is made to tbe table given below, ^hese r^it ore 

sabjeet to slight variation with different crank throw and con- 
necting rod lengths. Tbe ratio-j in this cose has been taken 
at .3 which approximates average airplane engine practice. 
The ratios of the resultant primary to the primary inertia is 
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two valves, one on eaeh side of the envelope. The theory was 
that wlien the pressure reached a certain amount, the sides of 
the envelope would be forcetl apart to a sufflcrent extent to 
produce a pull in the cord, eauKinji' the valves each to open and 
to remain open until the pressure fell suflieiently to allow 
them to close. The system woidts very well, but is difBcult to 
keep in adjustment. 

Present valves depend entirely upon internal pressure for 
their operation, and open outward like a i^p safety valve. All 
valves may also be operated manually, present approved 
arrangement of valves is to have one at about the mid-length 
of each side and one at the tail of the envelope clear of the 
dna. The two aide valves set as safety valves and are used 
for maneuvering only when both engines are stopped and a 
free balloon lanmng is necessary'. The tail valve is Uie maneu- 
vering valve for use under ordinary circumstances, so that the 
escaping hydrogen is well clear of Are from the engines. 

C Clau Airihipa 


After the completion of the B class ships, there was an al- 
most complete stop to airship woi* in the United Slates, and 
an improved single engine type which was designed in the 
winter of 1017-18 was not built. The reason for this was a 
discouraging report from abroad ss to the effeetiveneea of air- 
ships on anti-submarine ptUrols. But the conelusions drawn 
from lurahip 03 >erations abroad in the bad winter weather 
proved to be premature, and as the good weather of the spring 


of 1918 permitted English and French airships to ojierate 
more freely, it became apparent that we should proceed imme- 
diately with a larger and faster type. Using this time idl of 
the practical experience gained at home with B class ships 
and detailed information from abroad with regard to Biitista, 
French and Italian airships, the Bureau of Constructioii and 
Repair undertook to take a step in advance and Co decngii a 

avaiUrle sources of^ information. In the initial stages of the 
design, the dsta regarding the performance of British air^bipa, 
obtained from the British Admiralty through Lt.-Comdr. P. L. 
Teed, R. N. V. R.— sltached to the office of the British .Vaval 
Attache at Washington — was especially helpful. 

Experience sliow^ the advantagee of high speed to cope 
with winds, great endurance to follow convoys long distimoee, 
and a duplicated power plant to lessen chances of complete 
breakdown at sea. The 0 class was designed with these ends 


To obtain b 





Daring 1918 eontraets were plaeed wit] 

Goodrich for thirty airships, the cars to be s 
Burgess Co., Marblehead, Maas. After the at 
were reduced to fifteen ships. 

C-1, the first ship, was completed in Sept., 1018, and 
Oct. 22, 1918, flew 400 mi. from Akron Co WasI 
SVx hr. It flew over the Kavy Department building 
at Anacostia to penult an inspection by officers of .... 
mrat It then proeeedeil to Roebaway, Long Island, 
in the year, the C-1 was ordered to Key West and fie 
the coast, stopping at intermediate air stations. 
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The C-« on M»y 14, 1010, flew 
lead with 6 men in 25 hr. 50 miu., o — 

■ni on efanri, withunt stop. Thn flight will rMnain foi 
long time as • nt^le * 


lUuk to Kewfound- 

anee of 1022 nauC. 

will rtinain for a 
The distanoe actually 


y the diatanre f 


a Newfoundland to the 


The C-5 was onfortunately lost at Newfoundland in a gale 
wUle moored out in a tidd, nod was, therefore, unable to at- 
tempt the trane-Allsnlir fli^t, which was witbin her designed 

The power plant of the C-1 ponsiala of twin Hispano-Suiae 
enginea fitted with pro|ielleni to bold the engine down to 126 
b.hp. Thh is done to iorrease reliability and because the 
envelope pressure is not eullleieiit for apeeiU over 60 mi.pJir. 
The C-5 had twin I'nion I2U b.hp. cnginca. Each engine has 
an electric self-starter and the usual equipment. 

Tbe tanks are arranged in the rear of the ear under the 
renter of buoyancy of the envelope, ao that balance is not 
affected when they beeome empty. The gasoline drains from 
Ibeae (moke to a pair of preeaurr tanks under the floor of the 
ear. Bach preeaure tank contains fuel for an hoar's run under 
air preaenre from an engme-ilriven air pump, llaaoline under 
press ore feeds from tbe preaaure tank direct to tbe engines. 
The engineer shifts over from one prewire tank to tbe other 
every hour. This system was adopted to keep (iresaute off 
the main tanks, whicb are of li^t metal, and to eliminate the 
heed resistance of an overhead gravity tank. It works well. 

The ear is protected from bumps against the ground by two 
pneumatic eylindera uf nibbcriiied fabric, which flt in cradles 
under the floor. Parachutes for tbe crew are carried in alumi- 
mim buckets Id into the bottom of the car ao as to be out of 
ihc wind. To save resistance, the drag rope which is to be let 
' to (he landing )>arty U coiled up in the b 


■nt. The 


a Hah a 


n like the 
0 fall out. 


hilMhe*! 


e ship by c 
Iiilol sits i 


n the n 




vert ieal plane. He has the elevator <-ontrols to 
look after, and, in addition, all valves, ballast and preasure- 
regulating devices on the envelopa His duty is the more 
exacting and requires experienre. He oontroU the pressure 
of the gas bi the envelope iiy letting air into the b^lone's. 
For this purpose scoops can ^ let down into the slip stream 
of cither engine, and there are valves to permit diachaige of 
air into cither tbe forward or after ballonet or to both. The 
mechanician in tbe next compartment handles the engines on 
signal and looks after the fuel supply. 

The operation of the ship is therefore divided among three 
men, who form the minimum crew. The fourth compartment 
is for the radio operator. Tbe usual radio apparatus is earrieil. 
dio telephone and direction finder. 

■... nf-i.. c.. 


The C-6, i 


flight froi . . 

r the first time earned its radio ante 
tbe envelope. The installation was suecessful in 
Even when the airship was moored close to the 
Cape May. messages were sent for neariy a hundre 

Tlie C-5 on this trip also carried a hydrogen ra 
development of the British Admiralty. By met 
device when it would normally be desired to valv 
during the course of the ainhip's flight in order 
nltitude, instead of valving hydrogen into the i 
hydrogen gas from the envelope is hnmed as t 
enginfw. thereby effecting a saving of gasoline and 


■aide 


e Dtlloo 


ProfT. 


In disrusaing progrees in lighter-than-air craft, I should 
cot omit the kite Imlloon. While the kite balloon is not a self 

'au^' M first Md'lastVToT o^'^ublef °Tlw!"lotr bsTloon u 
s design we took bodily from the British and our troubles 
lame in reproducing it with our materials and in attempts to 
improve some admittedly weak points. Tbe work done in that 


Tbe telephone cored cable is a typical feature. The great 
advantage of tbe kite balloon, and in fact its only reason to 
axial, is the facility and certainty of communicatioa by tele- 
phone to the ground. Other aircraft use radio and are snb- 
jeet to all sorts of interference and uneerteuuty. 

In the cariy days of the war telephone communieation from 
a ship's deck with kite balloons was held by mcana of a twisted 
pair of conductors independent of the bolding cable, let down 
on a reel from tbe basket. Snbsequcmtly, it developed that a 
cable with a core of Mephone wires was greatly deaued to 
replace the outfit of cable and sepenta eonduetots, and that 
such a telephone core eable was being used suceessfnlly by the 
British and French. Tbe British cable consisted of three single 
conductors each enameled, silk covered, twisted, and then cov- 
ered with a thin insulation of rubber around which was spi- 
rally wrapped a brass strip to serve as iirotcetion lietwecn the 
delicate core and the strands of the cable proper. Equipment 
for producing the thin supplementary rubber insulation 
required by the British eable was har-1 to Hiid in Ibis eountr> 
('nnscquently, a eable was developed by tbe American Steel 
& Wire Co., with a telephone core of three copper conductors 
each enameled, silk covered, twisted, and covered with a single 
laver of cotton, and finally insulated with high grade rubber 
of thirkness equal to the comhinol thickness of the supple- 



Kio. 14. ^b-iK. D Kite Bai-Loos Cable. 6 Sthakos or 10 
Wises Kach. Ki-biieb Cestek with Three Wires 


nientary niblier insulation and tbe hrase strip of the British 
cable. This eable baa proved satiataelory without the ^biass 

to be as rugged as tbe foreign cable. 

In the fall of 1917 steps were taken to develop suitable 
winches for handling kite balloons— a steam winch for us? on 
small towing vessels, a gasoline-en^ne-driven winch for use 

ships of tbe fle^ The principle of tbe single drum cargo 
winch with slipping frictions was tried and was found iin- 
sueeemful on account of the compression strain on tbe cable 
due to tbe superim|M>sed layers on the drum ernshing the 
telephone wire core. We next tried a '‘surge drum" winch 
equippeil with one or more winding of "surge” drums on 
which the eable ia laid in grooves in a single layer, and a 
storage drum, indeiiendeut of the winding drum. The wind- 
ing drums exert all the pull on the eable which is stored on 
the storage drum under light tension. By this method tbe 
cable on the storage drum ia not snbjeeted to the severe crush- 
ing stress which would result from superimposed layers of 
cable put on under high tension. The gasoliiie-engine-dilven 
winch nf the N-C-L Engineering Corp. wns the first one de- 
veloped and a notable improvement over former experiments 

oil the Oweu magnetic automobile, for transmitting power 
from an 8-evL Herschell-Spillman engine to tbe wrneh uni*. 
This afforded a very wide and flexilile range of speed eonlrol. 

In the spring of 1918 the first of the eleelrieally operaterl 
winehen was worked out for nse on capital ships. The winding 
unit of these winches was identical with the gasoline-engine- 
driven type and the Standard Electric Co. crane motor with 
appropriate controller replarcd the gasoline engine and inag- 
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elongation). It, therefore, duplicates mild steel iu iitrength 
but weighs lees than half aa much. In the soft ooniUtion it 
^ stamped and worked cold into useful shapes and 
will harden afterward without Huhseqnent warping or heat 


will hardei 
Wo km 


bridle of tile kite balloon and tbe top of the towing eahle. 
This, of course, added a good deal to the weight of the kite 
balloon, but w-as believed to be a sure protection against 
(lestrucLion of tbe balloon by lightning. Balloons so equipped 
gave excellent service until August 1918 when the U. S. S. 
Olonceeter towing n large 35,006 cu. ft. type R Caquot kite 
balloon si 500 ft. altitude anchored off the Section Base op- 
posite Nsval Air Station, Kocknwsy, L. I., daring a heavy 
storm. Lightning struck the balloon, completely destroyed it, 
and eoDiing down through the bridle cables exploded the strain 
insolator and a theory which had held true many months 
through good luck. 

tlonAlrucXion o/ Rigid Airships 

The employment of Zeppelins by tbe Germans for naval 
imriKmea was so successful (hat it was obviously necessary to 
make some sort of provision for their constniotion if we 
ilestred to keep up with the times. Tbe task of building such 
tremendoDS structures while in tbe midst of an intense cam- 
paign of war preparations was too much to be undertaken at 
that time so we contented ourselves with making certain that 
all of the materials required would be available when the 
proper time came. 

One of the most diffleutt materials required was the alumi- 
num alloy for the structural frame, which had never been 
manufactured in this country. Inquiry r^a^ing this was 
sent to the Aluminnm Co. of America in 1916 and they under- 
took in cooperation with the Bureau of Standards to 'produce 
such material. They were given samples of Oerman Zeppelin 
wreckage obtained abroad. This was analyzed, duplicated as 
to chemical composition bat did not develop the desired 
strength until a correct heat treatment was Anally hit upon. 
Experimental girders were made up for teat to get demgn 
data and to develop tbe manufactarmg processes in manipu- 
lating the alloy. I am very happy to say that after two years 
of work, an American alloy has now been produced which 
appears to be satisfactory in every way and to exceed slightly 
in strength and elongation tbe original German samples. 

This is an alloy of aluroinnin containing about 4.5 per cent 
copper with smaller amounts of manganese, magneaium and 
silicon. In the soft condition as it comes from the heat 
treating bath the tensile strength is about 40,600 lb., but in 
34 hr. it seasons and hardens to 60.000 lb. tensile tlS per cent 


h by a cemnot m 
ispr-' 

„ „.2 lit, 

meter has been produced weighing only 6 ox. per sq? vd. 
(The notation appears mixed but is that of the chemist in the 
flnrt i-ase and of the textile trade in the eecond.) 

There has been a continuous endeavor both here ami abroad 
lo ijTOluce some sort of an oil or compund which might be 
applied to cloth and which would give the same resiilanee lo 
the I.assage oi hydrogen as goldbeater’s skin. So far nothing 
liu been discovered equal to goldbeater’s akin, that is, nothing 
of similar weight. Our experiments however have resulted iu 
the development by Lieut. H. A. Gardner, of the Bureau, of 
tung oil coatings which approximate the resistance to permea- 
bility of goldbeater’s skin very closely. When varnished they 
equal the true skin and are only slightly heavier. 

engines for sirriiips have not been developed in toe 
United States to any extent and we have been using airplane 
engines running at reduced power to get reliabililv. This 
necessitates changes in oilhig and different jets for ‘the car- 
buretor. The airship engine should resemble the automobile 
engine more than the nirplane engina It normallv runs at 
from one third to one half full power; only in the',.s>s »r • 

strong head wind is full po —«-r »— 

engine always runs full power 

and not below three-fourths power the rest of the time. Ten 
or twelve honis is a good run for heavier-than-air craft, but 
ID an airship we have already oraised for 40 hr. wiih one of 
our little ships and the British record is over 100 hr. The 
ITnion Gas Engine Co. of Oakland. Calif., has attacked tbe 
problem of producing an airship engine and their 6-evl. engine 
will be the standard equipment for all airships of (he C and 
D classes. It has shown groat reliability and very low fuel 

The Liberty engine is apparently one of the most versatile 
of creatures. Lacking a large engine similar to the .Wavbaeh, 
. = , , 

ybach, I' 

, — , -J heavier, and apparently as 

thoroughly reliable and capable of operating for indefinite 
periods. 

One of the greatest problems in connection with the rigid 


The Licensing of Aeronautical Engineers and the 
Inspection of Aircraft 
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Course in Aerodynamics and Airplane Design 

Part III. — Experimental Aeronantical Engineering 
By Alexander Klemin 

Technical Editor, Avimion and Aeronautical Engineering; Coneulting Engineer, Aerial Mall 


Section 8. — Wind Tunnel Experimentation 



n speed, at whicii the effieiency of a tunnel viiiJe the balance must be freely pivoted at the point P durit^ 
generally falls off. these meaanrements, it must be prevented from rotating xbou 

(») No data is available for publication on the closed circuit the vertical axis by constraining the arms t-" ">»•*•• 

tunnel at the Washington Navy Yard, but in a recent issue of and spring C connecting the portion Py 

Aviatioh and Axronauticai. Bkqinebriko complete data is For the measurement of the moment oi 
given for the ttusnel of the Instituto Centrale Aeronautico of vertical axis, the strut and spring C are 
Rome. With a seventeen-blade wooden propeller of efficiency by a calibrated spring and the screw at 
.75, and a &-meter experimental ebamber the horsepower re- spring Sp bears upon the point T. The balance is now eapabl 
. . .-.s giving — 


the fixed atandaril. 
be model about tlie 
noved and replacid 


qnired at 40 meters per second was 60 m.p.h., giving an ef- of roUtion only about 'be vertical a 
nciency of 3.84. This surprisingly high figure is no doubt due .ment of the degree of compre 
rt that in a closed circuit tunnel, discontir - ' ' “ — 


replacid 
until the 
’ cai 
by meai 


o the 'fact that in a closed circuit' tunnel, discontinuity of flow 
is entirely avoided. 

The eloaed circuit tunnel also offers the advanta^ that a 
comparatively small building can be employed to nouse it. 
It is possibly the heating of the air and Che persistence of 


r, there ie no diSleulCy 


f Che call- 



8 on the model, both lift and drift, e 


t 3" the 

a suitable expression for the inflow and outfiow, the 
propeUer'ean be designed on Che basis of the thrust required 
by a alight variation of usual propeller design methods. 

PrineipU of the Aerodynamical Balance 
While the Eiffel tunnel has n greater coeCBcient of utilization 
than the N. P. L. tunnel and with large experimental chamber 
offers many other advantages, it can be eafelv said that the 
N. P. L. balance is far eaperior, ) ' ' 

taken more qnickly and with less si 



given later. 

The model to be tested M is fixed in position as shown with 
the wind blowing in the direction FM. The instrument consists 
of an upright support PAM passing through the channel f 
At A is an oil s^ whose function is to prevent dtsturba 

bv air being drawn through into the channel from the out 

APQRT is all one piece supported at the single point P of the 
fixed standard B. R is a stability weight, which, when its posi- 
tion is varied vertically, causes Lbc eensitivcDess of the balance 
to be adjusted. 

In operating the balance the arms PQ and PQ' are balanced 
by weights until they are in a borisontal position. When they 
' a horizontal position, the dimensions of the parts being 

A *1.. J.l i;a» A-IC ..... U. 


the preceding introductory paragraphs and a brief 
ion, the reader should be able to foUow the above drav- 

' For the purpose of measuring lift and drift the balance in 
Fig. 2 is supported on a single point O. S is the oil sen] 
previously mentioned. By means of the movable weights F 
Che center of gravity of the upper part of the balance is made 
to lie on the axis of rotation. A vernier and clamping arrange- 
ment en^le the model to be placed at any angle required to 
the wind. By means of the screw adjustment AT, the balance 
is either thrown into Che lower pivot when it is required to find 
turning momenU or released, when lift and drift forces ate 
requixM. The wire T when in position is a torsion wire used 
to measure the moments on a model. The balance can be made 
to rest either on the point O or on tbe two points P. For a 
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The Trompenburg Pursuit Airplane 


iJlustra 


wpeoburg pnmiir airplane was built for the Netber- 

“ -e by tbe TrompenburK Automobile and Air- 

/. « . to the deeipna of 

0 pre-war aviator. This ma- 
a Dutch sample of modem 

nariubly good if one eunsiders (be comparatively 
-'mployed. It is obvious from the Bccoin- 


Tlw crater seetioo is fixed to tbe fuselage by means of four 
vertical streamlined struts, while tbe planes are braced be- 
side tbe customary wiring by one pair of vertical interplane 
struts. Two oval rellon windows are let in tbe center section 
to increase tbe pilot's visual range upwards. No stagger, 
sweepback or dibedrsJ ia embodied in the wings; positive ail- 
erons are titled to botb upper and lower planes. 

The fuselage is roughly of rectangular eross-seetion, with 
slightly domra sides, and is apparently built up on four 



British Airship Combine 

ording to llie London />oile Oraphic, a large Briti* 


will be as follows, all voyages starting from Ix>ndon : To 

New York. 2>,2 days; San hrueisro, Cairo, I'.ki Colombo, 
Ceylon, 4>^; Perth, Australia, 7; Nairobi, East Africa, 3>A; 


ion before the end of the year. 

Three distinct types of aimhi|>s are to be controlled at the 
worka of the amalgamated companies, situated somewhere in 
the north of England. Airships of moderate siae and high 
speed will rarry express ami mails and passengers. Passenger 
'' — s of large sue and high speed are to be made for longer 


in existing sheds, and carry fifteen tons of passengers and mails 
for a distance of 4,500 raiiee at a speed of 60 m.p.b. 


The Londt 
Lisbon and Sierra Leone. 

The Messrv. Vickers have already 


lines direct a 
New York end thence to San Fran- 


f #340 per passenger U 


4ew York, and mail r. 


Pacific Coast Taxis 

The Pocitic Aviation Co. of San Francisco, Cal., has estab 
liahed an aerial taxi service on the Pacific Coast. Two passen 
ger planes, piloted bv B. M. Spencer, former test pilot a 
McCook Field and Sam Purcell, former inatruetor at Sai 
DitfO, are operated at present betwera any California Cities 
wbue it is planned to install a fleet of ten passei 
planes within tbe next few montba The two p 
use are of the Qlenn Martin TT type with Curtisa OX-S, S 


The Van Sicklen Chronometric Tachometer 

By Frank J. Feely 


There are many types of speed measuring devices, which 
operate upon nearly as many different principles. Some of 
these have been qiute suecessfuUy used as automobile speed- 
ometers, but on aecount of tbe extreme conditions encountered 
in airplane practice, most of these instruments were not satis- 
factory, for this use. Extreme temperature variation, change 
in air denaity, vibration, and tbe existence of stray magnetic 
fields eliminated all but two types of tachometers for satis- 
facton use on airplanes; namely, the chronometric and the 
centrifugal types. 

Both of these are strictly mechanical in operation, the first 
measuring speed by time, and the second using the well known 
principle of centrifugal force which is used in a steam engine 

action and registers speed eveo" second or every other second. 



Fio. 1. Tachometkr with Tor Puate axo Friotiox 
Disc RBiiovEn 


rsfssj its eaJibratimi is controlled by 
tbe timing of its watch unit, its aecurary approaches that of 
a watch. liiiB accuracy is of a very high older, being g^ter 
than that of any other speed measuring device. Tbe centrifugal 
tachometer has a frictional lag which causes it to register less 
on mereaaing speeds than on decreasing speeds. This differ- 
euce in the average centrifugal instrument on tbe average is 
nearly 60 r.p.m. in increasing and decreasing speed. Tbe 
chronometric tachometer does not have this frictional lag. 

The general principle of all chronometric tachometers is 
tbe same. Speed ia measured by time jnat as with the ordinary 
speed counter and stop watch. However, the count is per- 
formed antomatically and in a ahortcr spaee of time than it ia 
with an ordinary speed counter. In geueral, this instrument 
has a counting mechanism which is connected to the driven 
member antomatically for a given period of time, usually one 
sccood. During this time, the counting mechanism makes a 
count of speed, and then it is disengaged from tbe drive 
mechanism, and allowed to return to zero position. An in- 
dicating mechanism regbters this speed and the pointer remains 
stationary while the counting mechanism is returned to zero. 

The writer will confine himself to tbe description of the 
e tachometer. Parts of this instru- 


ment are illustrated in Figs. 1 to 5; the assembled in 
not shown, but the d'«l is simpiv nniformly graduated from 
zero to 2500 r.p.m. for a complete rotation of tbe pointer. 
Fig. 1 shows the assembled mechanism withont case and dial. 


A portion of the drive mechanism of tlie Van Sicklen t»ch- 
ometer is indicated by A in Fig. 1 and also in Fig. 2. A in 
Fig. 2 is the driving tang wbira is connected to the rotaiiing 
riiaft whose speed is to be measured. E is a worm Axed to the 
upper end of A; A and E rotate os a unit in a sleeve which 
is forced into the threaded boas of the tachometer caao. A ball 
thrust bearing takes care of tbe end thrust caused by the action 
of tbe worm while a phosphor bronze sleeve serves as a guide 

Parf e (Fig. 2) consists of two gears mounted on a pivoted 
plate one of which has a crimped spring washer under it to 



Kiu. 2. Drivixu Mki uaxivm 


Assembled ox Bottom Pl.iTE 


o?lhe^idt«°nmt B. A cl«kwise i 
pivoted plate C to turn in an anli-c 
count of the torque required to c 
action causes the right band gear ot 
• ■ • ■ of the spring Darrel 

learing B ‘ Fiu !? i 
be a reve 
I (Fig. 2) with a 


tc thrown into ineab 



C * '.© c would turn in clockwise direction and throw the .eft 
d gear of C into meeb with lower gear of the spring ba^t 
unit. It will be seen that through tbe action of reverse unit C 
(Fig. 2), tbe gear A in Fig. 3 will rotate in the same direotiMi 
the driving taug. D is the spring barrel and coutains a coiled 

gear A ia fixed to shaft B and so ie gear C ; the 
spring is fastened to the abaft while the outer end bears agaiut 
a poluhed ring, the whole Camber being filled with special 
grease. As the shaft B rotates, it winds up the spring until the 
torque overcomes tbe friction between tbs end of the spring 
and tbe polished ring, and then tbe end of the spring starts to 
flip. The spring is therefore kept wound up to consbint 
tension by power. 
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Reducing Shrinkage and Swelling in Laminated Wood 
Constraction 


By J. S. Matbewson 

Productt, V. S. FortM Pfodtacu Labormutry 


lod unprecedented de> 
: tlie war was the de- 
; more eSeientlj' the 
amooK them the development of 
of wood fined together and then ma- 
ctuned or cut to any form. It ia the purjiose of Ibia article to 
dtaeuaa briefly a number of the more important facton which 
relate to the wood itaelC and ufioD which the aatisfactory uae 
of wood in laminated conatTuclioo largely depends. Oluing ia 
not coneidered. It may be stated incidentaJIv, howeiver, that 
numerous experimenta on the gluing of varioua specns have 
made at the Koreat Prodoeta Laboratory of the U. S. 
Forewt Service at Madison, Wia„ and have afforded informa. 
lion which has been uae<i as a basis for formu' ' 
tioiu for the sueeasstul use of glue. 

Besides the streaaes in lammated ranatiuctioo, sueb ai 
airplane propeller, strut or wing beam, <lue to external to 
other atreasea. called internal atreaaes, exist which are do 
forces acting between or within the laminations. In some < 
they may be of aufllcient magnitude to cause serious ' 
ing. and may iod^midently, or in combination with strcese 
due to external force, result in failure of the structural mem 
ber. The great importance of tbia fact is indicated bv the ver 
large percentage of propellers which have been rejwted as 
result of the effect of internal stresses. 

e .ShriaJtsfe CAormcuruiia of ff ood 


If a 


k of g 


n timber Is dried gradually It will retain 

until the moisture content of some part 

of it reaches the fiber saturation point, which for moat species 
A. — - pontenl of between 20 and 30 per 

diy weight of the wood. As the dryuur 

— thU point, howe — •' -- 

leave the cell w alls and shrinkage 
Investigation has shown that fo 
around the tree, or in a ta 

e width of a plain or flal-sawn board ia 

d direction, while that of a quarter-sawn 

is in the radial direction. For a given change in moisture 
oonlent, the shrinkage in the width of a quarter-sawn board 
averages about O.G as great as that of a plain-sawn. In gen- 
eral. the shrinkage parallel to the axis of the tree is negligible, 
Shrinkage is closely relate*! to the densitv of wood; dry 
wood when exposed to very moist air absorbs moisture and 
swells. Cktcversely, wood dried to practically constant condi- 
tion in a normally dry climate, if exposed to exceptionally dry 
eonditioibs loses more moisture and shrinks. Two pieces of 
wood of a given speeiee when exposed eontinuouslv to the 
same conditions of leniperature and humidity will ultimately 
come to practically the same (within about 1 per cent) mois- 
ture coolent, irrespective of their relative moisture contents 
when first exposed to such conditions. 

Quarter-sawn and plain-sawn boards differ in their rate 
of drying, and even individual pieces cut from a tree ia the 
same manner differ in this resp^. Kot onlv do dense pieces 
shrink more than light pieces, but they also'dry more slowly. 
Position in the pile in air seasoning or in a kiln or drying 
chamber, of course, has a large influence on rate of drying. 

PauibU Bgttt ol Sbrinkiag on LominelrJ Conaruetion 
Suppose a flat-sawn board be glued between two quarter- 
sawn boards all having the same moisture content. Under 
subsequent changes of moisture content the fiat-sawn board 
will, as noted alwve. tend to shrink or swell more than the 
quarter-sawn boards. This difference will set up a abearing 
stress in the glued joint. As a mult the glued joint may give 
way entirely, it may partially hold, or it may hold perfeetly- 
In either of tho latter cases the center piece will W unifer 
streea in tension arroes the grain and, consequently, under 
tendency to split. This tendency may become localised and 


rssnlt in a weakening of the wood Hben, the effect of which 
may be visible or invisible. From these considerations it is 
evident that better results would be secured by having all the 
laminations either plain-sawn or quarter-sawn, so that the 
difference between the shrinkages of adjacent laminations 
would be reduced to a minimum. In general, still better results 
would be obtained by the use of quarter-sawn boards, since 
they shrink conaiderMly leas than flat-sawn boards; quarter- 
sawn boards also dry less rapidly. This ebaracteriatie would 
tend to cause additional stresses ha a glued joint between quar- 

Again, if the several laminations differ in moisture content 
or in density these factors may affect to a marked degree the 
relative shrinkage of the laminations, and eonsequentlv the 
Blreogtb of the glued joint. 

It is possible, IT “ 


, , that the conditions cited in the two 

paragraphs may exist in combination and further 
. - . ... . the dimcuUy of securing satisfactory construction. 
For instance, snpi>oee that a propeller consists of alternate 
laminations of tlat-sawn, quite dense boards at a relativelv 
high moisture content glued up with boards which are quarter- 
sawn, less dense, and at a much lower moisture content when 
glned. The tendency of the flat-sawn laminations to shrink 
or swell with subsequent changes of moisture eontent will be 
very much greater than that of the otben, with the result that 
internal stresses oF considerable magnitude will be developed. 
It is spparent, therefore, thst these internal stresses may com- 
bine with the Btreeees from external causes to prxtduce failure 
under smaller external load than would be the ease if more 
care were taken during the manufacturing process. 

Moisrure I'onlont Some at in Sorvi^ 

It is vepr desirable not only to have the moisture content 
of the individual laminations the same at the time of gluing, 
but also to have it approximate that to which it will ultimately 
tend to come in service. For example, a propeller to be used 
in a hot, dry climate, sueb as that of the Mexican border, should 
be GOQStructeil of laminations having a lower moisture content 
than one to be used in a more humid climate such as that of 
Flanders. 

Him, for iha Mcnafaemnr 

It is worth while now to consider how the mannfacturer can 
satisfy some of the condittons necessary for successful mnnn- 
fseture involving laminated eoustrucUon. 

Quarter-sawn material usually includes boards in which the 
angle made with the radial surface by the annual growth rio« 
(os shown in a cross section) is 45 d^. or more. In ease toe 
manufacturer’s stock consists of mixed flat-sawn and quarter- 
sawn boards, an improvement will be made if these boards 
are divided into three groups— quarter-sawn, flat-sawn and in- 
termediate. A structural member could then be made entirely 
from boards of one group, wbieb would minimize one source of 
difficulty. Further, a su^vision of the boards into separate 
groups according to their densities is advisable in order to 
prevent the use of boards in the same member if they differ 
eoDsidvrably in density. 

In order to obviate, so far as may be poss i b le, troubles 
arising from differences in moisture content, it is very desir- 
able that after the boards have been kiln dried tbe^ be stored 
tmder proper eondilions of temperature and humidity for a 
nfficieat length of time to permit them all to come to the same 
noisture content before gluing. This will minimize the mois- 
ure changes during and subs^uent to manufacture. 

An ad^tional storage after gluing and before the first 
nughing-out is advantageous in that it allows the moisture 
inti^u^ with (he glue to be uniformly distributed througb- 
• ■’ •- ' -■ions. 

e the deleterious ef 


iting that to which it 



‘Propellers of R-34 
protected with Valspar — 


Valiporrha 
,/ thr Rdi 


B efore starring the homeward crip inspection 
of the propellers of the British dirigible R-34 
showed that the flight to America had badly in- 
jured the varnish, leaving the laminated blades in 
a dangerous condition. 

At Major Scon’s direction Valspar Varnish was 
used TO reflnish the propellers because he knew that 
Valsparwasabsolutelywaterproofaiidelastic enough 
to stand the terrific vibration without cracking. 

The photograph shows the Valentine crew at 
their difficult task of Valsparring the stern propel- 
ler while the giant dirigible swung hundreds of 
feet back and forth across the field. 

Hardly an hour after the varnishing was finished 
the remarkable drying qualities of Valspar were 


accidentally proven when tons of v 
were dumped on the forward propellc 
moments later the hot engine exhaust 


VALENTINE & COMPANY 
456 Fourth Avc., N. Y. 




ENUS^ 
PENCILS 


B ecause of their sllky smoothness and 
uniform dependability, VENUS 
PENCILS are in constant use in the draft- 
ing rooms of aeroplane manufacturers and 
by their pilots throughout the world. 

To know the dependable and uniform 
, _ quality of VENUS in every 

<*cgr«e. write today for 

American Lead Pencil Co. 





THOMAS -MORSE AIRCRAFT CORPORATION 
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.TION 



THE MACHINE YOU WILL EVENTUALLY FLY!! 


MARYLAND PRESSED STEEL CO., (AIRCRAFT DEPT.) 

Sale* Manager, HARRY E. TUDOR 299 MADISON AVE., NEW YORK CITY 


Merchants Fire Assurance Corporation 
OF New York 


AVIATION DEPARTMENT 


Is now issuing policies covering the following hazards to aircraft ; 

1. Fire and Transportation 

Z. Collision (damage sustained by the plane itself) 

3. Property Damage (damage to property of others) 

Additional coverage may be had against loss by windstorm, cyclone or tornado. 

AusTSH B. CazHORE, Manager, Aviation Depariment. For two years pilot 
in Lafayette Flying Corps and previoosly with this company since 1910. 

We shduid be glad to discuss with those interested the various phases oj insurance on Aircraft. 

MERCHANTS FIRE ASSURANCE CORPORATION OF NEW YORK 

45 JOHN STREET, NEW YORK CITY 
Fire — AulOMobile~ToTnad« — Exftosiam — Riot and Civil Commotion 


AVIATION 



-^oDtractons to -tbe • Army, 
Navy and- Air-MailvService 

L W r- Engineering Co-,ioc., 

- College Point- -Nsto -YorK- 


ATLAS WHEELS 

Are daily gaining in favor with manufacturers and pilots of aircraft because; 

They Absorb Shocks They Are Strortger They Are More Reliable 



Standard sizes carried in stock. Inquiries and orders will receive prompt attention. 

THE ATLAS WHEEL COMPANY 


ROCKEFELLER BUILDING 


CLEVELAND, OHIO 



£0>P-la 


419433-736-6-04 


NAVY DEPARTMENT. 


Ceotlsmut 


Bureau of steam engineering. 

WASHINOTON. D. C. 

MAY 24 1919 


TOa bureau deairea to asQiresB Its appree- 
Istioa ot the spletidid oo-opcratlon reoeutlp ex- 
hibited by your or^aaizatlon when you were called 
upon to build. In the period between 4 F.lf. Sstor- 
dey. Iby 10th. and 7 P.IC. Monday, May 13th. twelre 
10 ft. propellera for Installation on the UC-l. 
KC-3 and KC-4* flying boats la their fll^t from 
Newfoundland . 


The very snooessful manner in wbloh you 
eoaiplled with this difficult reijusst established 
a record of which you may well be proud. 



laerloan Propeller & Mfg. Co.. 
Baatlowra. Ud, 



a counterbalanced aviation 


crankshaft .... 

PmtmnM Uth, l»IT 

' one of the 1 8 different 
models we are now making 
for 1 4 aviation motor compeinies . . . 
reduces vibration and eliminates bearing pressure 

W* *hlpp*4 *4,IJ7 ApImHok Crmnkmh*/U tp Jmnmary tt. lUt 

THE PARK DROP FORGE CO. CLEVELAND, OHIO 


lATIOM 
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A Dependable Source Specializing on 

AIRCRAFT 

PRECISION SCREW 
MACHINE PRODUCTS 

Preferably parts of Nickel and 
Alloy Steels machined from 
Bar Stock, held to close toler- 
ances. hardened and ground. 

A character of work where ac- 
curacy and quality are the de- 
termining factors. 

Permit us to quote you on 
your requirements. 

ERIE SPECIALTY CO. 

Elrie, Pa. 

Naw York Offica. 8 Weat 40th St. 



Commercial. Military and Sporting 


William G. P^anels 

512 Fifth Avenue 

New York City 




FUEL LEVEL 
GAGES 


This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 
machines. 

Other types of gages 
in large quantities 
are “ doing their 
bit” as part of the 
equipment of Eng- 
lish Government 
Warplanes. 


BOSTON AUTO GAGE CO. 

S WALTHAM STREET, BOSTON, MASS. 


SPRUCE LUMBER 


Airplane Construction 

F or twenty years we 
have been exclusive 
manufacturers of PACIF- 
IC COAST SPRUCE 
LUMBER. Our product 
is from the very best forests 
of SITKA SPRUCE. 

We solicit your inquiries 

MULTNOMAH LUMBER 
& BOX COMPANY 

PORTLAND OREGON 


rto. SB PUEIH MILLU 

Single Pulley Drive 
THE FOX MACHINE COMPANY 

l«10 W. CavMn St., Jackaon. Mich. 

rtimmrlr •/ Cr<n« iltfoh. 


5 «|»lciiiber 
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You can dispense with the 
preliminary block test — 

by findiog the R.P.M. of airplane motors, 
prior to the final tachometer rating,with a 

SPEED COUNTER 


SeeTijISt"* 


a) th< Vetider I 
QutUi M 


prpticUa abiit; «ppt 
Qtnf : r«lntjc preoure wIm 


The Veeder Mfg. Co. 

56 Sargeant St., Hartford, Conn. 


Ahiminum Company of America 


Producers of Aluminum 


MoJtufaclur^t o/ 

Electrical Conductors 
for Indostrial, Railway and Commer« 
cial Power Distribution 
■Iw 

Ingot, Sheet,Tubing, Rod, Rivets, 
Moulding, Extruded Shapes 

Litot Aluminum Solders and Flux 


ENGLAND 



Fahrig Anti-Friction Metal 

Tie Bett Bearing Metal on tke Market 
A Neceaaity for Aeroplane Seroice 



Fahrig Metal Quality h 
ard (or reliability. We specialize in thu 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 

When you see a speed or distance record 
broken by Aeroplane, Radng Automobile. 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 

FAHRIG METAL C0.34 Commerce SlN.Y. 



AVIATION Sepjeiobet J. 


Quality Instruments For Airplanes 

Indicstiiig Dial Type Thermometers for 
and water. 

Airspeed Indicators to determine buoy- 
ancy and avoid stalling. 

Oil Pressure Gauges 
Air Pressure Cangee 

Tko Foxboro linx ineludoi many other types of Indicating and Recording Instru- 
ments designed for ail sorts of conditions and purposes. 

Silifcfin ^0. S/-IIO describes our Airplane Instruments. f 

THE FOXBORO CO., Inc.. FOXBORO. MASS., U. ^,„„nh.m s. r =ci«* 


Flottorp Manufacturing Co. 

AIRCRAFT PROPELLERS 

Eetabliihed 19U 



213 Lyon St., Grand Rapids, Michigan 
Contraetore to United States Gooernment 


SpeciaUsts in Heat. 
Treating Vanadiums 

New York Wire Clfi, Spring Company 

586 Washington Street, New York 

D’Orcy’s Airship Manual 

” A singularly timely and useful work, 
which do« for the aerial navies of the 
world something like what Brassey’s 
Annual does for the marine fleets.” — Nem 
York Tribune. June 8 . 1918 . 

$4.00 

THE GARDNER.MOFFAT CO^ INC. 
22 East 17th Street New Yoih 

^ J TyVERY Llbany Aircraft 
*r Hnglno built la equipped 
with Zenith Liberty Carbore- 

Zeokh Carburetor Co. 

NewYerb OeTROIT Chleaaa 

i^BI. II M m \ 

New York Flying School 

A LIMITED NUMBER 

Select Students 

•re belu enrolled tor Initios st the aboro scbool altiuited 
within » minutes at Tlew* Soture (b^New York 
eerrico lontmctor* t^ng modem military tuning 'plaaaa. 
EVg^RT BRANCQ ^ awmutica.^m groimd meAula 

Complete Course 

Including all Bighta for CtrUian Ucanm <000.00 with no 
charge for breakage. 

D. L. LAMB (lately Mithary AeialM) 


j 

WORLD’S LARGEST 

BROOKLYN, rf!v. TOLEDlS^HlO. 


September U 


ISI 




piome.e:k aircrak compass 


LEARN TO FLY 


AMERICAN ACES 


Army Training Planes Used. 
IVe Build Our Machines. 

PRINCETON FLYING CLUB. Princeton N I 
WEST VIRGINIA AIRCRAFT CO.. Wheeling, <N. Va. 
DAYTONA FLYING CLUB (Winter), Daytona, Fla. 


PHILBRIMi 

DUPLEX IGNITION 

with_ a _second gyston 


uper— servici? 


RDEBLING 


CAPITAL JIGS 

INTERNAL CTllfniUpO TOOLS 
GRINDER JlAinririUJ DIES 

W E realiae in aw or at in there ebonld be ■« 
fmuUy material. All machine parte matt be 
made rithi and periorm their ftioctioiu frofirly. 
hence we hare eqoipped oar new plant to turn oot work 
of the bigheat qoalfty. W'e offer otir faciliriee to roe 


IVitt you fffoe ui o tnalf 

Lansing Stamping & Tool Co. 

Lansing. Michigan 
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lATlON 


AIRPLANES DEVELOPERS OF SPECIAL AIRCRAFT SEAPLANES 

WITTEMANN -LEWIS AIRCRAFT COMPANY, Inc 

NEWARK BUILDERS SINCE 1906 


NEW JERSEY 


‘EMAILLITE’ 

Five Dollars a Gallon 


Manufactured by the 

American Emaillite Company 

549 West Washington Street, Chicago, Illinois. 


ENGINEERS 

Airdromes — Fields, Equipment, Operation. 
Aircraft — Design, Construction. 

Aerial Transportation. 

United Aircraft Engineering Corporation 
52 Vanderbilt Avanua 
Naw York 


AIRPLANE INSURANCE 

FOR THE 

Manufacturer— Flyer 

to Property of Others 
—Personal Accident 
—Best Companies 


Legal Liability — Ufe 
Conservative Rates 


PHOMi rniTE HIRE 

HARRY M. SIMON 

liuurance Eapert 

» Sirecl New York. N. Y. 



FREDERICK W. BARKER 



REGISTERED PATENT ATTORNEY 



2 RECTOR STREET NEW YORK 

raoM m«TO •... 


TuWphona 4174 Rmetar Over 30 Yaare in Practice 

SPECIALTY: Patent Clelme That IVoteet 


ocAvj, <Ao foUmaing Ssaft/anas 0 ld 
Efxine 8oa£r 
Cnrtiss JN4 Seaplane 
Thomas SaaptaDs 
Standard Seaplane 

Curtiss Firing Boat 
Thomas Firing Boat 
DtOTod 4 passenger flying boot and otLufi 


Sand /or lists " AN * Slala your nt 

Csaio Aaldrssst IlgAB. Mow Torn 
Laaa Plstsom Phsasi OsrtlaadS «4S 


^ ^ASSIFIED ADVERTISING 

oaM ArUTIOM AMD AUO- 


Rrldge PSaza. 


iKMlloe and be f 


t SACIS — — 1 Hls|mio-StiliE 
ts MulMllR Body Corpora 
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SALE OF NAVY SEAPLANES 
F-BOATS— SPARES— CURTISS ENCINES 
AT PENSACOLA, FLA. 


There will be offered for sale 20 September, 1919. at the Naval Air Station, Pensacola, Florida, nine 
(9) NAVY F-Boau, miscellaneous spares for F-Boat$, Including wings, ailerons, clippers, rudders, sicid fins, 
stabiliicers and wing floats ; also Curtiss Engines. 

The boats, spares and engines are in good condition. Information and schedules of sale giving full 
description can be obtained bv applisation to the Commandant, U. S. Naval Air Station, Pensacola, 
Fla. Inspection is invited and may be arranged for with the above named Officer. JOSEPHUS DANIELS, 
Secretary of the Navy. — 8-22-19. 



Slurf®vpni 

AIRPLANE ENGINES 

HAVE BEEN FLYING FOR TEN YEARS 

They are the product of skilled 
engineering and manufacturing 
experience running through 
three generations. 


Latest types are now available 


Sturtevant Model 5A — 4}^ 


Our new Catalog, No. 259, will interest you 


B. F. STURTEVANT COMPANY 

HYDE PARK. BOSTON, MASSACHUSETTS 





Alfred Decker ie Cohn delivering Society Brand Cloche* by Curtis* Planes 

I F the Aeroplane appeals to 

your Imagination and 

Fascinates you with its Possi- 
bilities for Constructive, 

Permanent Advertising 


The initial cost is no more 
than a motor car of the same 


Lord tc Taylor delivering merchandise 
Curtiss Plane 


They are safe and easy to 
operate. 

The upkeep is less than a 
high-powered car. 

The public eye is on it. 

The early birds are getting 
the worms, bacon, ’nevery- 
thing! 

Immediate Deliveries 

*Thert is a splendid opportunity for dealers to 

beeome identified njjith this profitable industry. 

Get in on the ground floor by writing for our 
sales plan for your territory. 


CURTISS AEROPLANE AND MOTOR CORPORATION; Sales 52 Vanderbilt Avenue, New York 

CURTISS:ENGINEERING corporation. Garden City. L-»ng Island THE BURGESS COMPANY. Marblehead. Mass. 


ill 


